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Introduction
Conservation science has been widely described as a crisis discipline requiring urgent action (Soulé 1985 , Robinson 2006 . The purpose of conservation research is to provide knowledge to improve management or policies to address the ongoing biodiversity crisis; making translation of knowledge into action one of conservation's most pressing goals (Segan et al. 2011 , Hambler and Canney 2013 , Fuller et al. 2014 . However, despite the rapid growth over the last two decades in the volume of applied conservation research being conducted (Fazey et al. 2005 , Robinson 2006 , Roux et al. 2015 , it has been regularly noted that much of this research does not go on to influence conservation practice (Knight et al. 2008 , Keene and Pullin 2011 , Milner-Gulland et al. 2012 , Habel et al. 2013 ). The gap between research being conducted and being used has been explored for a range of research areas including addressing bioinvasion (Bayliss et al. 2013 , Kuebbing et al. 2013 , Matzek et al. 2014 , 2015 , bird conservation (Seavy and Howell 2009, Walsh et al. 2015) , governance of marine resources (Cvitanovic et al. 2014 (Cvitanovic et al. , 2015 , peatland restoration (Anderson 2014) , and protected area management (Cook et al. 2010 (Cook et al. , 2012 . There has been quite extensive research into the extent to which research informs the management of protected areas , Cook et al. 2010 , 2012 , Giehl et al. 2017 ; however, the bulk has been carried out in high income countries where the challenges facing managers may be quite different. Two exceptions are Young and Van Aarde (2011) who explored the use of research in elephant conservation in South Africa, and Gossa et al. (2015) who explored the use of peer-reviewed literature by researchers and practitioners in less developed countries more widely.
A number of authors have highlighted a tension between the research that conservation practitioners need to inform management, and what conservation scientists produce (Bayliss et al. 2012 , Cook et al. 2013 , Balme et al. 2014 . This is at least partly due to the reward structure in research institutions such as universities which promote publications in high impact journals over applied impact (Gibbons et al. 2008 , Arlettaz et al. 2010 . The high impact journals may require studies of a different scale and concerning types of research questions quite different to those of most value to practitioners (Griffiths 2004 , Milner-Gulland et al. 2010 , Laurance et al. 2012 ). There is, however, a big change underway in research with increasing value being put on research which is used. For example, funding bodies such as the UK government research councils require evidence of a planned 'pathway to impact' and the UK government's Research Excellent Framework' gives explicit credit for the 'impact' of research (Watermeyer 2014) .
Increasingly, conservation scientists are looking to base their research on the real research needs of practitioners. There have been a number of attempts to gather and collate research needs of practitioners (Sutherland et al. 2009 , 2012 , Caudron et al. 2012 ), and to improve information delivery and communication between researchers and practitioners (Roux et al. 2006 , Neßhöver and Timaeus 2013 , Young et al. 2014 , Chapman et al. 2015 .
Protected areas are rapidly expanding as a conservation approach (Jenkins and Joppa 2009, Watson et al. 2014) . Their goals and objectives are increasingly complex; as well as providing habitat for threatened species and conserving iconic landscapes, they are also expected to contribute to social objectives ). However, despite these good intentions, managing protected areas so that biodiversity objectives are met without harming local communities is challenging (Brockington and Wilkie 2015) . The International Union for Conservation of Nature (IUCN) has developed the following protected area categories (Dudley 2008 ): Category Ia: Strict Nature Reserve, Category Ib: Wilderness Area, Category II: National Park, Category III: Natural Monument or Feature, Category IV: Habitat/Species Management Area, Category V: Protected Landscape/Seascape, Category VI: Protected Area with sustainable use of natural resources. Category V is currently more and more widespread but also stirs much debates (Shafer 2015) . Increasingly, conservation research is moving beyond studies of threatened species and habitats and is tackling issues such as equity, local livelihoods, and land tenure (Mace 2014 , Marvier 2014 , Pooley et al. 2014 .
Madagascar is a country of global importance to conservation due to its incredible biodiversity and the numerous and pressing threats imperilling this biodiversity (Dinerstein et al. 2017) . In 2003 the president of Madagascar decreed that the country would triple the extent of its protected area network (Gardner et al. 2013) , i.e., up to 10% of the national territory. This led to a major scientifically-driven process for identifying priorities for the establishment of new protected areas (Kremen et al. 2008) . The expansion has been largely achieved, and by 2015, 59 of new protected areas had been gazetted. These new protected areas, and Madagascar's existing network of protected areas, some of which date back to the colonial era, face many challenges in terms of conserving biodiversity without undermining local welfare (Raik et al. 2008 , Brimont et al. 2015 , Poudyal et al. 2016 ). In the new protected areas, however, poverty alleviation is more explicitly listed as a goal (Gardner et al. 2013 , Shafer 2015 . There is an enormous amount of research conducted in Madagascar every year by academic institutionsboth those based in Madagascar and from overseas-and some non-governmental organisations (NGOs). However, there is very little information available on how this research is used to contribute to the management of protected areas, and what the barriers are for more use.
In this paper, we attempt to understand the sources of information used by managers of protected areas in Madagascar, particularly the research results, using questionnaires and semistructured interviews with conservation managers from all over the country. These are the people making decisions every day which affect both the biodiversity for which they have management responsibility and the lives of local communities who may depend on the natural resources within the protected areas. We explore (i) how useful managers feel different sources of information are to guide their management actions, (ii) the extent to which different information sources are used to inform their management actions, (iii) how they access research and (iv) what barriers they perceive to using research more in their management. We then discuss practical ways to overcome these barriers.
Methods

Definitions
We developed information types based on the categorisation by Cook et al. (2012) . We consider three sources of information: (i) research, including peer-reviewed literature, academic theses, in-house reports and external reports; (ii) experiential, including personal experience, advice from managers, advice from specialists; or (iii) intermediate, including management plans, manuals and guidelines.
In this paper, research results refer to any output of a scientific investigation or synthesis carried out by researchers and following the research process. Any discipline in the natural or social sciences pertaining to conservation is considered, such as ecology, biology, sociology, governance, politics, climate change, systems research, and management sciences. Such breadth is necessary given the complexity of nature conservation today. Our definition of research results is not limited to peer-reviewed publications (cf., Gossa et al. 2015) but also includes the research grey literature (technical reports, theses, newsletters written by practitioners) (Aina 2000) . We include this wider definition of research results because the grey literature is important, is less subject to publication bias and may include more practice-oriented results than the peer reviewed literature (Haddaway and Bayliss 2015) . However, the risk of using the grey literature for decision making or to inform management is that the quality of the evidence may be weaker.
There are basically two concepts of research utilisation: that of outcome and that of process (Rich 1997) . In this study we conceived research utilisation as a process which involves research results being acquired, read, understood or not, and some action is taken by the user (Rich 1997) . The barriers to research use are therefore the barriers encountered at each step of the process.
Sampling approach
Our target population was conservation professionals working in protected areas who have responsibility for decision-making concerning conservation actions. These site-based professionals, hereafter referred to as managers, may hold a general (e.g., park director) or a more specific (e.g., conservation officer) managerial position. These people design and update the management plan of the protected area they are responsible for. As of 2015, we considered 100 protected areas in Madagascar with a clear promoter, distributed into six categories For organisations managing more than one protected area, we initially approached the central office (for example Madagascar National Parks and some of the larger NGOs such as Conservation International and Durrell Wildlife Conservation Trust), introduced our research and obtained permission to contact site-managers and their contact details. For smaller organisations or where central office did not respond to our approach, we used our personal and professional network to contact some protected area managers directly.
We contacted site-based managers by email and/or phone initially and invited them to complete our questionnaire and/or take part in a more in-depth face-to-face interview. In the course of the research we visited protected areas throughout the country except the south east and north east. We found that personal visits were very important for generating interest in the research.
Questionnaire
The majority of the results presented below comes from our questionnaire survey. The questionnaire development was informed by previous similar studies (e.g., Pullin et al. 2004 , Cook et al. 2010 , Gossa et al. 2015 and adjusted after piloting when necessary. We predominantly used rating scales. The questionnaire collected demographic data, and asked participants to rate how often and how useful different information sources were to guide management decisions, how they access to research results, and how often they have experienced a series of known, literature-based barriers when using research evidence.
We conducted a pilot survey with five conservation managers working for NGOs in Madagascar based in the capital city (testing both the English and French versions). Based on their feedback, some questions were reformulated and the vocabulary simplified. The final version was in French (see Supplementary Material 2) as it is easier for our target population to understand our topic and the terms we used in the questionnaire if these were in French. We sent the questionnaire via email as an attachment to all primary site-based contacts (typically the Park Director) of each 100 protected area we considered in this study; they were encouraged to share with colleagues with whom they share management responsibility for the park. In total 85 questionnaires from 53 protected areas were returned. Questionnaires were completed between June and November 2016. It is difficult to give a precise return rate given that the population size of potential participants (those with management responsibility for a protected area) is unknown. However we estimate the potential participants to be between 200 and 300, assuming 2 to 3 potential participants per protected area. With these estimates, the return rate lies between 28 and 42%.
We used diverging stacked bar charts to display the patterns for categorical variables with semantic differential levels such as frequency of use, perceived usefulness, ease of access, and barriers to research use using the package HH (Heiberger and Robbins 2014) . We used the R statistical software (R Core Team 2017) to produce the charts.
Interviews
We also conducted semi-structured interviews in person that focused around the question "In your experience, what are the barriers you have encountered when it comes to using research results in your work?". These allowed us to capture the barriers not covered in the questionnaire and to add depth to our understanding of the barriers to research use. In this study we conceived research utilisation as a process which involves research results being acquired, read, understood or not, and some action is taken by the user (Rich 1997) . The barriers to research use are therefore the barriers encountered at each step of the process. The semi-structured interviews were done using a blend of Malagasy and French, which is very common in technical conversations.
These semi-structured interviews (n=54 from 29 protected areas) were conducted in person with managers of protected areas at their place of work. The participants in the interviews were selected based on a combination of the logistics of accessing particular protected areas, and managers' willingness to be interviewed. Amongst the participants we interviewed, 87% also filled out the questionnaire. We used thematic analysis (Braun and Clarke 2006) to explore the barriers pertaining to knowledge production, access, understanding, and implementation using research utilization as a process as our analysis framework.
Research ethics
This research was approved under the Bangor University research ethics framework. We obtained informed consent from everyone who took part in the research by explaining the purpose of the research and how the research results would be used. We emphasised that they were not obliged to answer our questions and that we would not be passing their responses on to anyone else (including senior people in their organisations). We emphasised that we would not report the results in a way which made it possible to identify the responses of individuals. 
Results
Data description
A total of 85 managers returned the questionnaires (42 from managers working in parks and reserves managed by MNP and 43 from those working in protected areas managed or comanaged by NGOs) representing 53 protected areas. In terms of educational attainment, 80% of the managers who returned the questionnaire have postgraduate degrees (74% Masters and 6% PhD). Participants' work experience in conservation or environmental management, excluding formal education, ranges from 1 to 31 years with a mean of 12 years.
We interviewed 54 participants (26 worked for MNP and 28 for NGOs) from 29 protected areas.
Three-quarters (75%) of the managers we interviewed have a Master's degree. Their work experience in conservation or environmental management ranges from 1 to 25 year(s) with a mean of 11 years. There were 47 participants who both returned the questionnaires and were interviewed.
Do managers perceive research results as useful to inform their actions?
Managers perceived all information (including our four categories of research) to be useful to their decision-making ( Figure 2 ). In-house research and peer-reviewed publications are perceived as most useful and theses as the least useful type of research. What information sources are managers using?
Experiential sources of information (especially personal experience of advice from managers)
is the main source of information used by research managers (Figure 3) . Management plans and manuals and guidelines are also widely used. Research results vary in how widely they are used:
commissioned studies and in-house research are used but external research, theses and especially peer-reviewed publications are seldom used (Figure 3) . The difference between the perceived usefulness of peer-reviewed research (Figure 2 ) and the extent to which it is used ( Figure 3) is especially noteworthy. How easily can research results be accessed by managers?
There are clear differences in the accessibility of different types of research results. Managers find it relatively straightforward to access in-house research from their own organisation, although it is still surprising to see some found it difficult. However, accessing other forms of research results (theses, external research results or peer-reviewed publications) is difficult for the majority of respondents (Figure 4 ). What are the barriers to the use of research results?
Several managers suggested that one of the reasons they do not use research results is that they felt there was limited research of relevance to them and their needs. There was a tendency among managers making this point to talk about the lack of research at their specific site (implying that they are particularly interested in research carried out at their site, rather than research at other sites on relevant themes). The lack of research was particularly highly reported by managers of newly established PA but the same issue was also reported by some longestablished PAs (especially where poor roads or insecurity means few researchers visiting). The importance of researchers returning reports (ideally in French), and any published papers, to managers was also highlighted by our questionnaire data (Figure 7) . The most important barrier reported is that organisations lack subscriptions to journals. It is interesting to note that managers also report problems in accessing external research results (e.g., reports carried out by a different organisation on a theme of interest to the managers). The language of higher education in Madagascar is French and all managers are fluent in French while only a sub-set can read English (the language of many international journals). Just over a quarter of respondents considered the English language to be an issue. The language used in reports presenting research results (both in terms of writing in languages which are understood locally and avoiding technical jargon) are also important for the managers to get buy in for implementation of research results locally.
"One of our biggest difficulties is to translate the research findings into terms that local partners can apprehend" (Director of a Protected Landscape -category 5-, Southern
Madagascar)
Finally, there are barriers occurring at the implementation stage and these include the lack of local capacity, budget constraint, and lack of organisational support.
"Another barrier is also financial resources, because often … in our case for example, we number of other studies exploring the use of conservation evidence (e.g., Pullin et al. 2004 , Sutherland et al. 2004 , Cook et al. 2013 .
Research utilisation is a process which involves research results being acquired, read, understood or not, and some action is taken by the user (Rich 1997) . There are two plausible reasons why research results are not more widely used by protected area managers in Madagascar. First, not every aspect in managing a PA requires research-based information.
Indeed, protected area management contains a great deal of routine activities and urgent problem-solving that does not require research-based information. The second reason why research based information is seldom used is due to barriers to research use. In our experience, these two explanations are not mutually exclusive but rather co-occur in the context of protected area management.
By exploring the barriers to research use based on both qualitative and quantitative data we have built up a picture of why managers do not use research results more often in their practice.
Firstly, there is the issue that much of the research conducted by researchers doesn't appear relevant to the management needs of the protected area managers. However physically gaining access to research results is clearly a significant issue for many managers. It is clear that managers are making use of their networks to access research results (with the most common means of searching for research results and receiving research results being asking colleagues, researchers or specialists). This approach and searching their institution's library and use of their own personal collection is particularly important as many research results are published behind a paywall which protected area managers cannot access (lack of access to subscription journals was reported as the top barrier to accessing research results). It is worrying that research conducted by other organisations in Madagascar was perceived as so difficult to access; qualitative interviews suggest there is a perception that organisations do not like to share their work even when it could help other organisations. There are of course other reasons why research results are difficult to access-time (to access and read results), challenges with language, and access to the internet are all commonly reported issues. Finally, even where relevant research has been conducted, and the managers can access it and understand it, sometimes budget or capacity constraints mean the results do not influence practice.
What could be done to improve the use of research results in Madagascar?
There is evidence that the conservation practice and policy community are evidence complacent (Sutherland and Wordley 2017) . Our discussions with managers across Madagascar suggest that many managers are indeed motivated to use research results but maybe unsure how to progress. We argue that managers are more likely to use research results if these are findable, relevant, accessible, and understood (although resource constraints will also play an important role in influencing the extent to which research results are put into practice). Considering the findings of this study, we propose the following practical recommendations to improve the use of research results in PA management in Madagascar.
Making research more relevant to managers' needs
Our results show that in-house research is the most common type of research used by protected area managers in Madagascar. In-house research is designed to respond to management needs as is commissioned by the organisation itself or one of its partners. Most research conducted in Madagascar is initiated by researchers themselves and it is perhaps not surprising that managers feel much of it lacks relevance. This lack of management relevance of much conservation research is a well-documented issue (Milner-Gulland et al. 2010 , Laurance et al. 2012 , Matzek et al. 2014 , Chapman et al. 2015 .
While there will always be researchers wishing to conduct research which does not have obvious and direct applied relevance (and it is important to note that such research may still be useful in longer term or for larger-scale decision making), there are increasing numbers of researchers very keen to ensure their research is useful. Therefore researchers need mechanisms for learning about the research needs of managers and may then be able to adapt their research questions to provide useful information to managers. There is currently no clear mechanism for researchers to know managers' needs in Madagascar. The simplest way maybe for managers to post their research needs on their organisation's website, so that it can be used to inform the agenda of the research community. There have been a number of exercises where researchers and practitioners have got together to produce lists of top research questions (Sutherland et al. 2006 , Pretty et al. 2010 , Rudd et al. 2011 ). Such schemes have been quite influential on research agendas (Dicks 2013 ) and perhaps such an exercise could be conducted in Madagascar; bringing together protected area managers and researchers.
Helping managers access research results
Web platforms like ResearchGate and Academia.edu (where researchers share copies of their published work) and Sci-Hub (which uses passwords shared by academics to download and publically archive copies of academic articles) are increasingly offering ways for those without subscriptions to scientific journals to access research results (Bohannon 2016) . The conservation community in Madagascar has additionally benefited from the work of those running the Madagascar Environment Justice Network who share particularly relevant articles on an online forum (often with accompanying discussion and debate). Theses from many universities internationally are also increasingly available online; including most theses from the University of Antananarivo defended since 2002. However our research suggests that many managers are not aware of these ways of accessing research results. Such information could be provided by organisations as part of the training they provide their managers to increase their ability to access research results of interest to them (Table 1) . research. However, anecdotal results suggest these often do not make it to the hands of the protected area managers in the sites the researchers worked either because they are not produced or they are not passed on. They are also of variable quality and value to managers because they are produced before the research has been fully analysed, or because they do not explicitly make the management relevance clear. As researchers, we have an obligation to ensure our research is available to be used by society.
Here we present our view, informed by our findings on the barriers to research use by protected area managers in Madagascar, of the steps all researchers should take: (i) Involve managers in the research: Sharing results with potential stakeholders including protected area managers is not something which should happen at the very end of the research process. Researchers should make the effort to discuss the research with managers while the research is underway (ideally even inviting them to the field to get involved in the research). The more potential users of research understand the research conducted, the more likely they are to apply its lessons (Hulme 2014 ). (ii) Share preliminary results: Researchers should ensure they do a verbal presentation of results (this may be a formal presentation to the protected area team or simply a sit down chat with one or two key people) before they leave the field so any preliminary results can be understood and potentially impact practice as soon as possible. (iii) Ensure final reports are useful and accessible: When producing final reports, researchers should consider the audience and ensure that they make management relevance clear. This may mean producing a specific report aimed at managers in Madagascar, rather than simply using a report produced for funders.
Wherever possible they should ensure a copy of their reports gets back to the field sites where they operate. Often data continues to be used in publications for a long period of time after an initial report is published and researchers should make every effort to return these papers ideally repositories all increase the value of research to society. There is growing evidence that such practices, perhaps unsurprisingly, also increase the citations a paper receives (Gargouri et al. 2010 , Niyazov et al. 2016 . As academics are increasingly judged by metrics such as citations (Lane 2010 , Burrows 2012 , this may act as extra incentive to make research available.
What can the Malagasy authorities do?
Where research permits have been granted for research in terrestrial protected areas, the Ministry collects final reports. These are returned in hard copy to the protected area where the research was conducted. However, such reports may go missing, may not be well archived at the site, and also, may have relevance beyond the site where the research was carried out. For these reasons, we strongly encourage the Ministry to develop an electronic submission and archiving system with a searchable web-interface. Strong incentives need to be put in place to ensure that researchers who have been granted a research permit do return their final reports in both printed and digital forms. For example, new applications should not be granted without a check that previous research reports have been submitted.
Funders of research in many countries are starting to request that raw data is archived to maximise the value of research for future research or management (Molloy 2011 ). The
Malagasy government may consider moving towards requesting that research projects archive data in publicly available archives. However, it is important to note that data cleaning and preparation for archiving can take many months or even years in the case of biological inventories where taxonomic work is needed. Therefore, it may be difficult to require archiving but it should be explicitly encouraged.
Conclusion
Managing a protected area in Madagascar to maintain its incredible ecological value while considering the livelihoods and needs of surrounding populations must be one of the most difficult, but also most important, jobs in conservation. In order to increase efficiency and efficacy, Madagascar's protected area managers therefore need access to the best possible information to inform their decisions. Increasing communication between researchers and protected area managers could increase the applied relevance of research conducted in Madagascar's protected areas. There is much that researchers can do to make their research more likely to be used and if all researchers in Madagascar (whether students or leaders of sizable research projects) were to follow the steps we outline here, we argue that much more of the research conducted in Madagascar could contribute to effective conservation management.
This would benefit Madagascar's protected area managers, researchers themselves, and most importantly the protected areas and their local populations. Tables   Table 1. Resources which can help managers access research results. 
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